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(54) {xmo4^m a<Mb4«flc^-if35?^ 



(57) i^m 

S a < 1 ) ^mr^m 1 0^^b«J¥«i*^:^^-C3Cc 0 . 
l^^1$iB63^. I n.,Gax.»N (0^b< I ) 

1 n,Gai.,N (0^d< 1 ) ^^-r^mzomt 



2t:attS 




(2) 

1 

l.Ga...N (0^a<l) 1 OM^t^^^S 

b<l) ^^^r>:c^S^#F«^tr^>D. friHn^S: 

tiTl^^ I n.Gat-*N (0^d< 1 ) ^Wr«>ll2(0 

MBjfflJzS^e^^ nrii^^ 1 (omt'm^^mi^t. m i o 
uxrj:i>^mmmx$>^ct^msL^-r^n^ix^t 

COOO 1 ] 

[^^COST^errfS^^] LED i^^iT^ 

:t-K) V SLD (;^-/^•-J^5:^y■fe> ^^5^-r=^- 
( I nxA IrGa^-K.^N. 0 0 ^Y, X+Y^ 

-^4 00nm^tia) J: 0 *>S»SC0U--tf3fe(Dti6ne 
a{k^^*» U - If ^WMT 6 . 
[0 0021 

^#U-1f3RiF-*ll5KUrC*6, Japanese 3 

oumal of Aplide Physics. Vol.37Cl998)pp.L309-L3l2 40 

7T'^r±«cj5!SS31*fcGaNll±«:. SiO,<^:0^c 
4»0ffll«:S55>WCCje«tO. -e^id^^WKGaN^rW 
a^JII5Ui;?5cSft (MOVPE) ^5lta^:^Stcj:r) 

3&i*-5, ) <fcL. COELOGS«Jtic. prj:<t^^ 
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(0003] J|CC2|s:^gg*W, ^{t«J^^f*€:fflC> 
m«3^4 5 0nm{^3ficr)gig^<DU-1f3fe©f#6n 

J. J. A. p. K:S2K03R^«Scc*5C^r. Sl&fl«?cc 

[00041 

[#6IS3&«)l?«fcO<J:^<!:r-5»S] ht^i^tJiifih. tSttW 
J. A. p. {Cga*20GaN-C;^-f FIB«:0fiSU/-c^^ 

ru$^, ns//^ FaojssttJ&HST-r^i, »i4a 

^-f Fa0OteB^tt<D<STtC^D. FISrcO^tCDli 

vi'OAOS^r^A l^W^DnMi'^v F«± 
C 0 0 0 5 1 */c, *m0SA«. 1 0-3 357 

5 7#^$acc. V Fa-^;^^ Fa<oisstt^ffij±$ 
H*6fc«>cc, Fa-?*^^ V Fa*a»^«:r'Sci: 

4 0 0 n mftiaou-1f5fe30«»6n63R"^tC*H/r«W 

[0 00 6] C(Di;^k:. SiigS©u-tf5fe*^^/c^6 
CC«, 1 ni&SO:^f-^ Fa-^ I nigSlt«:i«< UJ'ttSI* 

[0007] -ecr. *»w<3!>e«K. Fa^>?£tt 

(00081 

(Pia^flsst-r-s/cAo^ai hp^. -^nrnt. 

( 1 ) - (3) <3!>«Ji35«:J:0*^?«oafi«l*iMErsC 




3 

(1) S«±CC. :S^f^<ti>nmi'^yh'm. nmi^ 

at..N ( 0 ^ a < 1 > * wr^ipr lO^ik'^*^** 
«^r^c*). f5fBrSttll30s. I n.Gat-*N (0^b< 

t>^^mi<D^Wm<D I n (DiS^cfc 0 il>^j:c* J: ^ tc $ nr 
C^-S I n.Ga...N (0^d< 1 ) ^Wr^^2<0^{b 

[0009 1 0*0. n^O'/X«pM:</ 
^ Kli<D I n<DM^. ^afCCnM:RCX/X»P^5^'^ '^^ 

GaNCC I n-t^A 1 ^^^it^xbllSa 
GaNt I nGaNi©»^5e»(DII*«:^#t.»/cJ?>iC^ 

^ FHi ^-Y mo^mvm^m^ifii^i^ < 
i^^v I'MPtf^ F^irt-c«^3Ea<oll€:^f^^^c^ 

[001 1 ] a*. Ga A s^(D^»«C*Ji,>r. fflJ* 

WittdfGa A s «:a I ^»^s^fia<D^*i/h3 
[00 12] cntc^tbr. ^^mitt. js^wccGR i 
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S{b«!*«(*^fflc>rSKfi<ou— tf7i6<o«M^^ 
U J: ^ i r 6 «: * i; * IS 0 1 > ® T <b I O 

^^b^^¥z)l*tCi5Ct5l^<0raS.*.^, :5'^vFIB'^// 
-{ F«<DaL^^«M31i--5Ct-C»T'5^ac>^^^^iC 

^{b^-tittfifcj&^^^-sii^^^ia-r^ c <bcc J: 0 

nMJtO^pM;^^ F)l<D^i>J5:< i^— 

10 FSt. n^SiC;^p32//-< F«3WHfiS«lt4$ti. <fcO 
jff$l/<<inS^?^ F®. n^:^-< FS. pMi'-^v 

FJSsa^pM^-f F«3Wia^««$tir(ri€.i. Ifiat^ 

[0013) Mtc. tiW^(/pmi^^y F 

C^®^^3i>^^^Cc:^t <nc5«l«. GRIN-SCH« 

0— BSigSrou-lf^fig*^0^< 3^c^, ±32 

(r^A i<DfifiS^tfe^«:«4>$-i±rc*t, Fiar«ig 

C^<<b. F«i:^-< FIBi<Dl1l®iC*J(,>ritta<D 

iirl n^WOnM^-< F)l=&a«br€>. *^<.>5il n 

'^m<opm^^ f«±«:a i^wopM^^ Fia^a 

[0014] ttfcW^. nMRaf/X«pS 

^ ^ FJi*i. m^JSMm^^ tixi^^^m i <omitm^ 

[Sl±0O^.r»*Lt*- S/cJgCC. nSLRCJf/ 

x^P^:^-^ FI13&1. B?SBifflfiXlw^^nrciS^2a>s 

[0 0 1 5] *^^«:4c5l^-C. nM&C/plS^^ V F» 
[00 16] 

50 ^^mt^. iai». *^e)i<o-ieifi©j^.«-c«»&«{b 
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yif-i^ Kli<DnSRC^pMC0^3^j:< <!:fc-:fir?:>^ffl^M^d 

[0 0 171 t-r. ^mnonmt^vv vmmj^x>m^ 

BtL<\my7tf^. f§ffi»cc«ifir^tc6eor. Aim 
fiX*itj>Jtc< Jt-s-fc^cca^iS^^nrtr^^A l.Ga... 

N (0^a< K $f*L/<«0^a<0. 7>*WrS 

mmt. ^ffiicc«ar^(cs£or, a 1 ia^iii>^j: < 
cc^):c<ur. ^li(c«^SificUfcSiS53'tc(i. ai€ 

or|fistt^rfi)±$-«±6ci3&ir#^. Mtc, ^^^^ K 
i^-r^^rftibr». «Ftciss$n«ci**^ m«A i 

.Gai-.N-C^^n-Se^^-^ Klia>fiXS^{C. Al«^ 
iJ>3Q:<C. — :;^p©^^'^ Fart3l^^cc^<^^^^ 

-saaom 1 (omim^^^ntm-r s c ^ cc j: d . a 

[0019] WiCtfc. ±f20cfc^<Cffl^«i4S-^5 
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[0 02 0] igcc. *»^«:4jc»r. nSi^-^-yFias 

(r^-C. m3©S[^kJ8l*»(*<tbr{i. m 1 cr)m^^2» 
1 <0Sffc4*l^»i: *3 ^''^'V F=r I' yxj^;U=^--*J/iN 

n, $f«0<lie*^0'C**GaN-C*^>. C©J:^«: 

<«10 0:i'>yxFa-A^:iT. <fc»5iff$L.<«7 0 
FD-AtjtT. MCc^ff*0<«5 0^>^^:^ F 

Kja^^r^-s. is/t. sf3<Daft«j4^»^. 

eA^OCCiStv I n«^<D^J5:l>a{fc«J*«», 

m^i^3 0»fc«!4^««^){^5GaNr*^i. ^^t^^ 
!t<DS(.*G a NO!?^ 3 COS{k«J**ft*i^'^* ^ 7 r «0<fc 
3G ^ U{'m^ \jX. a 1 G a N<7>m 1 ©a[ft«J**»*« 

±-r-2>. ifc. ^3©aft«!¥^»<!:l/r. InAlN 

nGa A I \\UE^m^Xi:>X\i^. 
[002 1 ] 2f:^H.^(C*5C*r. n^^' ^ F»OM/? 

»*0<«2amjaT. $6CCJ?3S0<«1. 5-0. 

I vLxsiXtb^. m3C»«±sa«iHr*^<hJ©*iai«a (V 
^^mi^^^x. pi^^^ Fac[>jsif«. i^ccPB5£$ 

SamtUT. S^«:»*L/<»1'^0. OSumr* 

[ 0 0 2 2 ] *:^«:fc(r>r. nSai'^'y K«Sa^P® 
-6fcJt), >f^m9ifih'-'':^^txX\.>iCtifi^tUi^K ^ 

F»*«te£r-sc>rn©«4cF-:>^3n 
rv^r «><fc < . m^\ti^'7 y FB555A I (DWSLm^^tx 

50 <tCCM«^nt < F - n-C . A I 




[0 02 3] */c. ^"yv Ymt^tmm^^tix\.^hf^ 

K-^?n. cfcOifftf 0<iJm3^Da[^b%*al^*«:F- 
SJa:-:>r<)I^-r*>J:<. *Bj|l/S^«fiS;0 

<D:F«!^iftS*^S^j: ^» c i i L t ^. 
[0024] 2|s:*^(C*5i.*rffi(r> 641-5 nSI^igJt O 
-C«. Si. Ge, Sn. S, Omifimvfhin. »tU 

:TW«J<J:L'r(i. Mg. Zn. Be. Ca^^W^n, 

[0 02 5] n^i'^-y KJi(7)nM:^«jaS«. ix 

T. <fcOAf3J L<«5 X 1 0''--5x 1 0*'/c m'X* 

[0 02 6 1 ^JCJC. 2t:^(DnS:^/-f KJa^ac^P^^^ 

n^OfpS:^-/ K»<Dd;^^<i Jf* 
f^<^j:6J:^K:fflfi£<«Si4$nrc^^ I naGa^.^N (0 

^d<i. «F35L/<«o^d<o. 8> ^mr^mzo 
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[0027] ±ie^2 <DSlfc«?*»*«. fgttisccsia 

ffisccafeig^orc^^as^w);?/^ Fja«:w, fjs 
r^-s, Fao»B^^*«ffij±-r^<t. rsffii-c^* 

[0028] ±i2m20S<fc«!¥^»^*J(r^T:. I nffl 
FfairaaiK:. ! naGa^.,N-C7n$nS:^>r F 

//-r Fwr«8t^«<:^< -yfpmtf^ vrnvkm^ 

«I na^<OS3^cC5«»<Dm2(DS[{b^¥^f*:«r8ia'r 
5C6<C^0, I n®iaJt(DS^9:^a«:©ll2<Z)SYb«J 
4^i*^8IJlSH*r^>r F»© I nili«S*«l^$l±^, 
[0 02 9 ] MCC^/c. ±K<OJ:^CCJ^<^i^$-l±^ 

pM>5/-< F«*ffl^M«4$i*5i. f§ttiS^$«5^■C^tl4; 

tc, nSEaafpM>!/-f F»*«Sti»4Sti. iffinMB: 
CJfp^^'^t/ Fli/>iJ«J53cMI43nri^^i. rSttiSCcS 
iS-r^fcfitoT^^ V Fa3&^6eftA?K:/S^r^*^:^*< 

[0030] JICC. :$:^59(C*j(r^r. nS^-T FIBRCf 

l«*s»ia:nt*l*«:PRS3ti^,cl>3&^ I n,Ga,., 

N (0^ f <1) 3l«A l ,Ga..,N <0^g<l) 

»(*)&iGaNr*-&<t. F«<0«Stt^|fiI±$-&i 
<D{C$?3eCC^ C CD <t MISSIS i L/ctS^CC. ^^Ig 
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[0 03 1 ) *^^«:*Jlir, nS'Rt/pS:</-f 

0. 0 5Mmr^'&. Stm)^±£«ra'C«>^<b]^^t£. 
[0 03 2] ^fc, :*:%^tc*ji,>r. n^^^ FIB^i. 
K-:/ra^^. m2 0^^fc«!^fi«m* I nmfiSL^^^V 

i:<. (i?$U<«pM^«J*i K-:/$nri<>^». In 
/cat). p^:f/>f FB^pSf^^^^J^K-^^l/T. /^il/^ 30 

(00331 h'm^mis:r^i.>rti<om 
u*). c ©^4 <Dg{b«j*«(*«c;FttJa*i K ^ $ nr 
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[003 51 ^^m<Dii^ Ym(iCm^>htLi>n^^^^ 

j^cxpS^T^WKJiorti, frie^ ^ --^ Kacc K-:?^tg 

1 X 1 O'Vcm'UiT. iffS.U<5i5X 1 0*»/ 
cm'WT. <i:0$f*L<«l X 1 0**/cm*feiT. * 

«a<oi5fflrtr. aasnssti^^. ps//-yk«<dpm 

1 X 1 0"/cm'taT. »*L/<W5 
X 1 0*'/cin*t^T, J:0^SSU<{3:1 X I O^'-l 
X 1 0*»/cm'-C*'2>, p^^*fi«!aiS3&^C©«iffl'C 

[00361 ^X«:. 2|c^B.«©r£1±»<b I n. G 

a^.. N ( 0 ^ b < 1 ) *^^■C^c-S^-«T'#F«i& 

[0037] ii^m^<D\mmt {yXkt. WCCKSSn^C 
0 Onm^OSiSiS, Jtf$(^<«^ 
!g&S:d^ 4 2 0 n m J^i^SiSS <b ^j: ^ <fc ^ Cc#FJl<D 

Ffltigr*-6is^, m^iftffiia^cc. »3sLc^#FJS<b 

L.t:«, bdiO. 1^0. 6CD I nbGa».»N-C*0. 
«FS Lt^WiUaiOT^. bJ&^O-'O. lOln.Ga 

pS"C4><*:0^. #Fll<DSJItiL/'C«. \0 0t>^:^ 
hCl-A|>lT, »$U<«70:*'>^^XhD-AfeiT. 
if?*0<W10:|*>i^XhP-AJ£U:r*0. J:0»* 
L/<«30'^60:f >^:^ hn-Ar*)S, */c, 
)g<DBJl<bOr». 1 5 0^>4^X FD-Afe(T. if* 

L/<tti oo:f->e/xha-AeiT. »*o<tti 03^ 

>yxhP-Afe(±rd&»). ^0«F*U<«9 0~1 5 
[0038] rgtt»*«S^MI^#F«^'C*^ia^, « 
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(0 03 91 ?§tt®C>#F®<D I nl^mt(Dimt LX 

liiftSC0x^;l/=^i'- (E A ) *M nGaN<D/>*> F=^^-i- 
-,:/x^;U^- (Eg) <fc»5^ia7(D<i:OCC:^*<>5: 

CO 04 0] [m^m(Dnm^] 

Eff=(l-;c) 3. 40 + 1. 95:^:-Ba:(l- 

(nm) = 1 24 0/Eff 
Eg: I nGaN#FJS<D>'^'> K^i- •>:/x:^;^=t^'- 

3. 40 (eV) : GaNC^^^> F=r•^-.'7'x:^;^=^- 
^. 95 (eV) : I nN©/^> F=^■^'-^:/x;^;^^- 
10 04 1] ±a<DJ:^CC#FaoS IMS^#f^ci'*^ 
[0042] *^0^CC*5l^r, U-1f«^^^«^T^»± 

(0043] mvm,S:<oE LOGii«tcoc*riiiTtcsi 
X. mitm^i$(omyji^<ofSL^^mm[^xm&^nm 

w ^ c i k: J: 0 fi^Siccffii*^ 'C«:friai«cfij£sr c 

[0044] ^SS<!: t.r». Sfb^fbl^^fl^i 
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T. Xb*:^;KMg A 1,0.) oJi^J^c^i^ttSS. S 
iC (6H. 4H. SC^^tp) . ZnS. ZnO. G 

a As, Si. Ramitm^^m»t^'m^i'^mim 
SS^. ^^^mhtix\.>^^it^^»t^fj:i>&^ii 

0. -':St7nifiO. 3* ^fiitSi. ELOGliXScD 
bi»r¥3K*a>®#aiS3&^;^ ::^t^^c ^'J: 0 . ^0±cc3R 

20 CCX. ±iZO^rj:^^v^U. 1^^t&-=f-Mf&(0^ 
3feCCi:5i£{a:<tOS^iffl^c^<75r*0. ELOGIi«I^» 

[0 04 5] ±ffi©<fc^<c;5^f-->^:/«tc:*-7r>^iP$ 

— BS^b!^^**^s$tfc?!p6ii^^-rSo ^SMlt 
or (J. ««ia*ffi«:»b«}*«**s^SLJ^ci>*>iJfc 

):ci^*^. M?L\mit^^^ (s i Ox) . mit^^m 

(S ixNt) . «{b^^> (T i O,) . K^b2^^l/=3- 
»jg<Df&. 12 0 0 *cm:C0ffil,*«:WT^»^5iE;S:ffic> 

1, ct^^x^i>o iff$bc^«S®«f4iL.r«. s i o 

,ROfS i N3Cf5^Cf 6n^. ^JItW«^^{b«J*^ 
HM (1f:7T-<r<0Affi) Ccffii:«:3rj:^J:^«c 

[0046] $/c. msmi^^:^h'7^:mt)txh^m^ 
ommBO:^ h ^ ^ ':r^^^msSLi)^m^^tiXi.'^rj:ti>m 
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16-18: 3v^^. umm<o>^h^^:rmtM^m 

* fc. E L O GS«±«:^^«l3t^?f^^L/ p MS{t«J* 

[0047] s«llS«:ii[syi5«$nrife> <fc 

mtfA 1 N. GaN. A 1 GaN. SCJ^ I nGa 

N3§f(D(<>-rn3&^^9 0 0 -0^2 0 o •cj£i±cDaa:'r. 

<0^<^:7r®<!:L.r». T > K-:/<^)G a N. n^:F« 
ft^K-r^'U/cGaN. iJ/cS i ^ F-::^LfcG a 
ffiti-SCi^&i-C*. Jf3S0<«r>K-7'<C>GaN-C«> 

0 0 -c- 1 1 0 o*c. u < » 1 0 5 0 -cr/N' >r ^ 

l'-20um. ^t.\^<\tZ--\0 ixmXhh. 
[0048] ^X«:«Slg^fl^^Ofc±ic. S^b«i^i^ 

3#i»^{b«5*^ft<bbr«. r>F--r<DGaNJi« 4o 

^^^\S.^ '\ . Ge. Sn. Be, Zn, Mn, 
Or. SO^Mgr) ^ F---/L/cG a N*i^lf 6^-5. ^ 
SaK<!:l/t:«. «it«^9 0 0-C-l 1 0 0 U JcD:^ 

»aja*5ELOGfiSS©m«j*3^»ra[*5nfc^ 

■C<><tC>. .50 
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[0 04 9] GaNSffiitOTtt. ±^:»SCC*0 

[0050] ±fficDE LOGIS«±tC. 3R^«iS^fiSS 
$1±^, nM:i>^i5'hia2^ELOG««l± 

(^^*0<«S i ) *K-:^3nfcA l.Ga».,N (0 
<h< 1 ) iff*b<«h50iO. 0 1-0. 

0 5<DA 1 HGa,.HN^^g$#6« n^=i>^ri?h« 
iS^^A l^dtf37C@l&r^^$n5<!:. EL0GS&1 

ea^RSi-r ^ c i ;!)«-c* , w^v^<omK^x^ r> tc 

ELOG3fc«linM3>5'i^ h»<fccD«^5£aSC;^» 

«>K-:/«<kOr«. 1 X 1 0**/cm'-5x 1 0*' 
/cm'-C*S, C<DnS3>i'i'h«2{Cnaffi)&iJ^ 

O^xmr^-S, */c. ELOG««l inMriV^''^^ F 
fi2<!:<DlfflK:. r>K-:7^<0A l.Ga,..N (0<h< 
1) ^J&^'^^XiyX<. CC0r>K-^<7)li€:i?£^5 

[005 1 ]^X«:. i^^y i'|»jt«3«rnS3>5'^' h 
®2±CC^:Sai±'2>. yii^mskmStlyX^t. Si 
K-:^<DI niGa»-,N (0. 05^j^0. 2)^fiR 
fiS-i*, »*L/<«j3&«0. 05 — 0. 08<DIniG 

r-SCi^s-C^^^i. i^^t7^B«fitJ13€:nSE=J>^f ^ 
M»2±«CJBfiE'r'5<b.. *^(Di^^?r4'<7>#B*^fi§± 
f -SCDCCJ^^L/I^o S i<DF-^fiiUrti, 5X10 
'•/cm'r^-So ^/c, tS'^ v^l»itJa3^^:S31± 
SBJC. I n©iisa:*:^*< (j^O. Dr^t. 

«4*ie>MtitUl/:fe5te*«tiR'r^Ci3&ir*, U-1f* 
C0:7 7 ^ -7 ^ - ;P F^>' ^ - >CDSL*l^ W±r ^ C <!: ;)i-C 

a^ct>^ct>^<o/i*r*o. W;t{«*tt9«:O:0. 0 
5 — 0, 3Mm"C*^« 

[0 05 2] yc«:. nM^'^v FJ14€r5^^-y^RS±)l 
[005 3];):{C. nSg:^>f Fia5^:n^^^:? F«4 
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[005 41 *{C. rSffiS6«rnM^-r KJB5±CC^S 

$^+-2), mmitox\t. stria L//ciior^^. 

-'ST'COA I ,Ga,.aN (0 <cl ^ 1 ) ti^htJ:h6>rj:< t 

ifiO. 1-^0. 5a)Mg F--::^flOA 1 ,Ga.-dN-C* 
-5. pS[«^D3Ai6Jg7(DKi$«. 1 0-- 1 0 00^ 
>i/'XhD-A, $fiS0<«5 0--2 0 0 2|->t5^X ho 

KDU^O^Y-zfmt. 1 X 1 O^'/cm^-l X 1 0 

lar^-Sp^^^-f K®8CCMg^l X 1 O^/cm^- 

1 X 1 o^'/crn'oaffl-c^w^-e-sciAi-ct*. 

*/cp^S^&TG3ia?>®7«. ^gS. mtiSSO-G 
iS. mtir§t±/l<OfiRSmffiJ:0 i 0 0 •cm£S<Diaffir 

SSni'drl^sb*, <Siafi36Sa«l 0-5 0:t>i'X hn- 
A. »iafiRSJl«5 0-l 5 0:f>yxha-A3&i$f$ 
L/C*. 

[0056] ^>CCC. p^:«/>f KB8J&p^«T^HOii«6 

[0 05 7] pM^^ v FJ19*pS^-f K»8 

[00581 ^>C«C, pM=3>^i^ Fi» 1 O^pM^'^ 

U^i:>(OVib^. J®J¥«1 0'-2 0 0:t>^^ha-A 
M?<OK-^«3:i X 1 o**/cm*--l x i 

(0059) *^^©*^?-«C*Jlir . V t?}Btt<OX h 
"^^^{t. pSn>i5ri? hJa*^^xt;5^>^3nr p^ 

incite J: OJ^fiRSns, mtfiaiCC7n-r<t^J&:p^ 
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hfStl V FjB9(Difict3*'Cx-^ 

[0 06 01 xv^>i^brje/=iX$nfc'; -^5^jf^«<Dx 

V. Zr. Nb. Hf. T a ^ 0 ^j:^>g¥*^63StR3 
nytii>353:< t^-«<C>7C«^^0»<t«J-^. BN. Al 
Nfljjj&j^tf ty < Z r RC^H f (ownmoy 

««^:n'C/-c;< i"^-r^«>fch»cc*^»pM=i>^i' h 

JBl 0<D*ffl«:p«ffi3WJ^fiR3*^*. Xv^>^l/T:Ji^ 

^^n-sy h^-r^cDi^iiL/T^. o. 5 
i»@d«C<DtaBB"C*'5<fc. ^K^*- F3&<m-*- FCcAj: 

W±coJ:^cc. »j vS^?^(7>;^F'7-r:?'(Oxv^> 

3b [ 0 0 6 1 1 *i%^«ci5c^r, mim^»(onsu 
mt. MovpE {^^w^mm&m . mocvd 
im»^it^^m&&) , HVPE (^N^^F^ffi 
, MBE (5^^xtr^=^$^-ffi) mtm 

[0062] 

[0 08 3] [HfiS^l ] HSfeWl <bO-C. HliCm^ 

[0 06 4] SffiSfiior. (g3«:n^r<i:!>CCX7^':r 

Ji^ne^O. 15- . Xf'v:/SM*5cfc-t2 0 3!->^^X 
hP-A. f-7XiHW4cj<fc-e8 0 0:f>;^:^ FP-A-C 
50 «>D. :ti;7 7S«:A®<bL. X-rtrr^*JAMKMar 




(Id) 
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riiT^liOm. lll4:^:^icr>^^r<J:TMG (hV^ 
<b^fl9C\ 1t7r -rrS«±«:GaNJ: 
») ^x-SfiSfiSSO)^'? y :7 T Ja^ 2 0 0 af-> y X h n - A 

e^>r, ias* 1 0 5 0 'C$r±^$-i±. i o 5 o -cco^c 
fflc^ T> K-:/OGaN*^6?:cSWM^S<3:)/<-y7T 

::^P^f^f3iO. CVDSai«:J:»3:?i h-^-Y >^»il 8 M 
m, .Sg5<D*i3 limOS i O,<fc»)^C-S^ia*0. 1 

•i;*-^N*SfS§S«:i^i/. I 050x;ccr. 

iCTMGv r>*^r€:ffll\ r>F'-'7*OGaN<fcO 
^c-sm^es*^!*®* 1 5 umOKil-CfiSSS-a-E LO 
G»filiT5. »6la/cELOGS«l±K:«T©3R 

C0065] (r>K-':^nM3>^^ hH) 

ELOGSSl-hCC. 1 0 50*Crjl*4:^;^6CTMA 

?:^(rir> K-:/<DA I „ . o»G a,.,, N<*: 0 nM3 

X{Ci/^>//X (S i H4) ^fflC^ S i^3x 1 0** 
/cm' F->^bfcA U..,Gao.tsN<i:»)«c^>nM3 30 

ttc. ELOGS«icc«*ffifj:^^5-^^*J^i;ro*r 
^Ctii^Vth. nM3>if^h»2 
[00661 (i'^-y ^?ESjUS3) ycCC. iaa«:8 0 0 40 

•ctcL/T. ;^:^/;^k:tmg. tmi {h^JM^ji^-o 

X^fflt*. S i ^5 X 1 0*Vcm' K-*/L/fc I n 
«,>.Ga,.,«Nc*:03Cc^^^-:ri^S6jh«3*0. 15*1 

C00671 cn^i^'?:^ Hia4) ;x;c, lae^ 1 0 5 

O-CCCt^r, Mt4:</X«:TMA. TMGxafT>*-r 
TVF-T'OA lo,iiGao.fNct:03^^^1 
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S i ^5 X 1 O'^/cm' F-TT'L/tGaN 
J: 0 J5t ^» 3 ©»t«?*»(*^ 25^>i5^XFa--A<0 

S/f-cnKS^-t*^. -^or. c<Daif^^^n-eni40 
^aau. igK/?7 0 oo:r>^^;^ hP-AcD^niB 
'2>. fi 0 . 2 iHi @j^p$<Dii 1 oa<b«j^(*o A 1 mm 

^^^tc^i'j:<?:c^J:0tcMS:^:?^OTMACDzJ&S€: 
ISHOT. 14 0H@<O»l<Da<b«5^<*tC«. A I 
ffl^AS^^tiJtcl^G a Nti^dr^cfc ^KiA 1 fflJ3»^afiJffl 

[0068] (nM^^ Fas) iafi^850*C 

ecbtr. ig»4//;j^ccTM u TMGZiofr>'=t^r*ffl 

r>F-:^CDl n.Ga,.4NJ:0>S:*m2(DS{k«J 
r, TMI*±af>, r> F-3^<DGa NJ:0^C*»4O 

-5. -eoT, c<D^f^^-en^n4O0jHiO3gor^2 
©s{b«!^i»» i II 4 <Dmim^m»^^m o . m&m 

2 0 0 03f>^xha-A<D^jaBl»<fc0^j:5>n3a^Y 
F®^fig«3#^, (SO, ll2<Da^b«l¥^fW>I nifi 

2<OS[{b«J^(*<Od<Dffl3&S0. I <»:^C*<fc^«C, In 

[0 06 9] (rStt»6) ;X«C. aS:*8 0 O-CiCL/ 
11»;^/X(CTMI. TMGSCfr>*^r«:fflt^ 
:^!8!//:^<tLri^'7>:^:^^fflv\ S 1^5x10** 
/cm' F-r^lyfc I no.o,Gaa.,,NJ:0^cC'5»lgli 

*i 00:f>4^xFD-Aa>jR»rfiXS$if^. ^c* 

r. ^'^>:^X*±2?>. r>F-:/OI no.*Ga,.,N 
cfc0^j:^#F®^3 0;i->y:^ F a-A<DJgi9r^S$ 

Its* c<Di*f^^4ip!aioiio. ft^cc^M»^aiao 

/c«gK/iE6 2 0 :*->i^:^ F a-A<oS^Ma^#F«3S 

(MQ W) (DfgfS® 8 -I* 

[007 0 ] (pM«T^D3Z^j?)®7) lel^oia 
ar. M»i!/J5^CCTMA. TMGRa^r>*^T^M 

;U-7y^*/'t7A) Mfir* 1 X 1 0"*/cm' F 

-:ri//tA U.^Ga^.^N^O^c-SpSfll^WGiii?)© 
7^1 0 0:^*>i^>^ Fa-AOBW-CfiEfiS-SS. 
[0 07 1 ] (p^:^>f F«8) ^^CC, MS^SSO-C 
tCL/T. MI4:^;^«:TMI . TMGSCfT>^^T^ffl 
I*. r>F-:?'©I n.Ga,-aN<fcO^^»2<0^{bJBJ 
^*^2 5;j->^^X Fa-A<D®OTrRKfi$-lt. «S5l* 

Mg*5x 1 0**/cm* F-:rOA:GaNa:0^ 
i>m 4 CDS<b«!*^i*€: 2 5 :t > i^;^ F P - A<Dj8/ir 

fiss$-t*$, ^b-c, c<DMii^*-en^n4 oniiOji 

Oril2 OS{b«^««^<bll4 cr>M{b«9^^«(E€:8» 
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0. *8JSJf[2 0 0 0:t>y;^hP-A(D^'JlK/icfc»3>:c 

i>v>mtf'^ ¥m^iSL&^^^>. fib. momitm^m 

[0 072 1 (p§^^^-, K®9) ;iXtC. iaa€:9 0 0 

I^J57 0 0 0:t>i^Xha-Aco^^JBlB (Stt^ 

e«0iO. 2lslgfe(l^«^^«:a©ffl^:7^#< Uri* 
ri14JB«:«t»iftc>mi©^{fc^^^i*cDa(0^i;&i 20 

[0 07 3) (pM3>t$f^ I 0) ;^cc. ^fiKOS 

:^fXtOTCp,Mg*ffil\ Mg€:l X 1 0''/cm^ 
F-:/l/fcGaN<*:OJQ:^p32=i>5'^h® 1 0^1 5 

[0074] mmT^k. Slt^lf^CCfcli-C. 

^as^aa*. 7oo'crT:^-';>5^*tfc^ pSL 

S i O, J:OJtc^«aiK^0^L/r, R I E (SlStt-T 
:f>X7^>^) ^ffllr^S iC l.//X(C<J:Oxv^> 

iri^ ha2fl!>^ffi^Sta$1i:'2>. ;^4Cia4 (a) tc^r 

<fc^«c. ajb»<Dpiiff:3>»e'hjai o<oa«^®«:. 

PV Disced: 0. S i^^b«5 (^iUr. S i O, ) 
<fc O^'cC'S 1^1 ©^affile 1 ^0. 5 MmC?>^-CJ^fi3cb 

^-r::^©!. 8 Mm. 1 am-CJ^^€>. ^K. El 
4(b) CCT^-Ti: -5 CC|^3Q«SM6 3j^^». R I E 

<t(C<tO. 04 <c) OCmTJi^CCpffln^^ri^ hJf i 
[0075] ^h^. 04 (d) cc^'r<l:^(c, so 
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-/:^tt<p^l<7>«aiK6 immk. »KR I ECCi:OS 

iC!.^x*fflt»r. pfiPj3>^i'H»i 0. ^Jcto* 

vt>l&iR<o:^Vv^'fkt. aiCCn^TJ:^K:. ELOG 

RSc^. ■i;xw^^PVD^gk:^^U, 04 ( e ) 

i^«:J:0KfcB3n/cp{iJi5'^-y KIS9<D±«:0. 5am 
fiStr-Si. p-nffi<3!>*6»*<i:^/c25i. F<D* 

ccatifC/. 04 (f) fiCTj^f J:^cc, mi(omsme i 

CO 0 7 6 ] ;X^04 (g) (C7nTJ:^«C. pfl?|3>5? 

^ hia 1 0 (D±<D^ 1 <D«a«6 1 nr sffl o 

3rc-e<Dpffl93>^5^ h»<DilffiCCN i /Aui:0^*P 

wm2o^m^'r^o {ii>p«S2 o«i o o um(o>^ 
6 2<D±K:?aorjgfiS^'2). m2(o^sms 2^fiSir^. 

[0 07 7 1 ja±<D<l:5CCl/r. n«ffi<tp«S<i:^J^ 

9tmm ( 1 1 - o o®. AftftK<o 
3i6a<ofliM«c«a-r6ffi=M®) cc^tas*ft«-r^. 

i^SMCCS i 0,<bT i O, J: ^^^^itm^^^lSifS^?^ 

^b, «»ccp«ffi«:w^:3?isir. /<-^^»rbr0 
ICCT^rJc^i^U— tfJR-T^i-r^. ^&:*5^liSS«3 0 
0-5 0 0 Mm<5:r-5Ci)&^M*bC>. »6n/cU-1f 

IS*. Mia«:*jO>"Cb#l»ffi2. 5k A/ cm*, b* 
(r>ffi^5 Vr. ^»:&3^(it(24 5 5 n m<D]li^£i 

tfmm^ti. mf^T i o o o^mi^JLtoym^^rri'to 

[0 0 7 8] [|QfiW2] llt6WlCC*5t*-C. pS//-< 

[007 91 (p^:</-r FJB8) Slg^8 5 0-C«Cl/ 

:F««5//X<i:0rCp,Mg^fflir\ Mg^lxiO*' 
/cm* K-::^U/t I no.iGaa.,N^O^^>l 
»2 oa^fc^J**** hOt>if:^h o- ACDSJ5-CfiS 
«a(r^r, l@ecDl^2<7)a<l:'m¥^»<l:0 I n 

^ttCCLX. Mflr* 1 X 1 0**/cm' K-:rL//c I n 
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[0 08 0] (p^^^t^ KIB9) ;XCC. iaS€r9 0 0 

1 0^{b^^^f«^:&<A 1 0 . t G a . . , 

[008 1 ] tie»«3] ISfteWltCfctr^T. nS^O' 
[0 08 21 (nS?^^^-^ KB4) ilffi^l 05 O'CCC 

br. ii»>!7X«:tma. TMGRc;^r>^^r^^ 

0^*/cm' h'-':^LfcA I a.,Ga,...N^«3^c^ 1 (il 
m(Om I 0|g{fc«5*^»f*^ 2 5 :i-> i^X h P AOKJl 

a 1 ffl^A<ii»^j:(r^fe«|qI«ICCUr. S i ^5 X 1 0^*/ 
cm' K-:?'0/c2lEl@OMl«)^ik!Bj*»{*^fiS^3 

iJ£^»7&iA IMfiK^^as^^jrC^GaNiOr. A i mu<0 

OO^i-^^^X ha-A<D. A\mfS/(Om^^§^^tlX\,^ AO 

[0 083] (n^//>f KaS) Sa[^8 5 0-CtCO 
X. lll4//X«:TMGRC^r>^:^T%fflC^ T>K- 
ycOG a N J: 0 1 ©soil 2 OS^b^^aW** 3 0 
li-v^x hu-AOBU?rfi&S$it. iKt^r. MI4^x 
iorTM I «:tti^6te«©a«:L/r, i umm^Pij 

^*n'5T>K-:>'a>I nGaNJ:«3tt52@a©l^2 

(DS{b!^4^^(*^: 30:t>e^xhn - AOJSiSr fi^g $ 
1^-5, C<Di:^«C^2<3[)^^b^**»<OI n^)&5^S^^ 
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rc^-5IPf2<DS<b«I*^»«:« I no.iGaa.,N*^6)5c 
-&SS2<Dll{t«J^»^J?SS5-a-, I nfflfl£©»>a:2.«l 
&0m2 0mi^*«*«:ailL, |gS/f7 5 0:t>y 

[0084] (pSi:^/-f KHS) p§^//-< Fll<bCr 
[0085] (p^^7--^ K/S9) P^i^7 V FJSiL 
[0 08 6] ^htxit Ix— tf3Rq^«. HlfiW 1 tCimt 

[0087] [ieifeW4 ] Ilj6fi0*13 tCiJl^r, pMi'^ 

[0 08 8] (p^^^-^ Fl»9) ^XK:, l^^iOMS 
-C. 1^;?/X(CTMA. TMGRCfr>^^r^^C^ 
r>F-:/©A lo.xGa,.,N<fc0^j:^AB*2 5^> 

ib. ^ig|^XihUrCp,M8r^ffll\ Mg*5Xl 
0**/cm' F-:7'OfcGaN<fcO>:c^BJ»^2 5:i-> 

-en-etii ooaaoigorAiaiBjBi^rSWL/. « 
®/f 5 0 0 o:t>i^x ha-Ao^iBfii (jatt^«a) 

jcO^^^pM^^-y FJa9^fi£S$-l^^. 
[00891 ^^nfcU-tfJR^W. 3eWS«3 

[0090] [ie»W5] llte«3CC*5(r^-C. nM;</-f 
FSRC/^pS^'^'y Fii*«T©<fc^«c:T2>ffittl3««: 

(0 09 1 1 (nSL:</-< F«5) ^XtC. |^I«CDtaar. 
J^//X«:TMGRC^r>*-T*ffil\ T>F-':?'<7) 

[0092] ( pM^-7 7 FIB) pM^'^-y FJaW. ± 

[0093] nhfxfcu-^^=f-^^. ia6«3 tmm 

[0094] [lUSi^aS] llte«3^4iJC>r. pS:^-< 

KWRu^ps^^-sr F»^«Ta>cfc^cc-r^ffi»ra««: 

[00951 (pS^-Y F®8) »CiC, aa^S 0 0-C 
CCOr. l^^XCCTMK TMGROfr>*^r€:« 
C\ r> F-:/<D I n,.,Gao.,NJ:0/'j:S»2(Offi{fc 

!a*2»*^5 0 3^>^xhP-Aoi^Jl'CJacS$1i'. 

Mff^Sx 1 O^'/cm' F-:^05tGaN<fcO>i: 
im40S{b«5^i*^5 0:*->^^X Fo-AOKJf-C 
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[0 09 6] (pS^'^-yKJl) pSa^'^-yKSti. ± 
{0 09 7H#e>n/cU'-1f«^«. llifi€^3tcH:$5-r 

(009 8 1 [ll)5fiW7] 3l3te««ltCfeC>r. pMS^ 10 

(p§i«^Kt;i^toia7) ?a@[^8oo-c«:uT. mn 

A) ^rffiti. Mg^5 X 1 0^*/cm' K-::^L'fcA 1 
o..Gao.»NctOJ^j:'5(£?aiiiX:gOA/B^3 0:^->^;^ h 

r. Mg=&5x 1 0»*/cin* K--r^Uft:A lo.4Ga 

[0099] [||»«8] HlfeWlCCfcl^r. i^^-^.i' 
P»lh/i3^fiSS$'a'-5^«:. I rKD^a^dUt^O. 2<!:l/ 
r. S i *5x 1 0*'/cm' K'-:/L//cI n„.,Ga 

o.,N<i:0tt^^^t'i'l»±iB3*o. i5ym<;:)Mil 



12 00 0-2 99 53 2 
24 

[0 100] 

ciaM<7)®#^ccsi^] 

[SI 2] 02«. Vyr-(r<om:^&L^7jk'r::i'^y h-fe 

C H 3 1 la 3 sf- :? r > y^H/ tcmmM&<o&f^mrj: 
[S4]ia4«. -y*^ji^tt<ox ^'7-r::^^^fi^T-5— 
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1 0 
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